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INTRODUCTION 

Review 
* 

I n  t h e  December, 1963 I n t e r i m  Report,[ 11 t h e  b a s i c  a n a l y s i s  and 
design conf igu ra t ion  f o r  a new method of spacec ra f t  temperature c o n t r o l  
was presented. The b a s i c  conf igu ra t ion  described i s  shown i n  Fig. 1. 
The f i n s  a r e  b i m e t a l l i c  s t r i p s  which change t h e i r  r a d i u s  of cu rva tu re  
a s  a func t ion  of spacec ra f t  s k i n  temperature, which i s  a func t ion  of 
s o l a r  azimuth and zen i th  angles.  
r e g u l a t e s  t h e  average cy /e 
provide a c t i v e  c o n t r o l  8f Ehe spacec ra f t  temperature [ 11. 
t i v e  parameter which i s  used t o  determine t h e  the rmos ta t i c  s u r f a c e s  
e f f e c t i v e n e s s  i s  e '  
where 

This  change i n  cu rva tu re  e f f e c t i v e l y  
r a t i o  of t h e  s u r f a c e  which i s  s u f f i c i e n t  t o  

The desc r ip -  

r y  

i n  which 
q" i s  t h e  
CJ i s  the  
T i s  t h e  
e i s  t h e  
cys i s  t h e  
G s  i s  t h e  

S 

t 

2 n e t  r a d i a t i o n  h e a t  f l u x  f o r  t h e  s u r f a c e  Btu/hr-ft  

temperature of t h e  su r f  ace ( O R )  
average terrest ia l  emittance of t h e  s u r f a c e  
average s o l a r  absorptance of t h e  s u r f a c e  
s o l a r  i r r a d i a t i o n  

Stefan-Boltzman constant  .1714 x lo-' Btu/hr-f t  2 0 4  R 

This parameter e', was evaluated f o r  f i n  he igh t  t o  spacing d i s t a n c e  
r a t i o s  of .667, 1, and 2 inches/inch assuming t h a t  t h e  f i n  lengths  were 
i n f i n i t e  i n  extent ,  and nonemitting. Monochromatic ana lys i s ,  on t h e  
s p e c t r a l  p r o p e r t i e s  of t h e  f i n  and spacec ra f t  s k i n  materials, was used 
t o  determine e and cys.  [lf t 

* 
Numbers i n  brackets  r e f e r  t o  t h e  bibliography l i s t e d  a t  t h e  end 

of t h i s  r e p o r t .  
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For t h i s  r e p o r t ,  the  a n a l y t i c a l  work w a s  extended t o  include t h e  
case  of f i n i t e  l eng th  su r faces  with e i t h e r  emi t t i ng  o r  nonemitt ing f i n s .  
I n  a d d i t i o n  t o  t h e  bas i c  a n a l y t i c a l  work, an i n t e g r a t i n g  sphere r e f l e c -  
tometer was constructed so  t h a t  t h e  r e f l e c t i v e  p rope r t i e s  of t h e  thermo- 
s t a t i c  f i n s  could be measured. Also, a f u l l  s i z e  model of  t h e  spacec ra f t  
su r f ace  system w a s  designed and i s  p re sen t ly  under cons t ruc t ion .  This 
model w a s  designed f o r  t e s t i n g  i n  a space s imulator  a t  Goddard Laboratory. 
A t es t  model of t h e  su r face  is  shown i n  Fig. 2 .  

3 
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ANALYSIS 

Calculat ion of E f f e c t i v e  Reflectance of a F i n i t e  
Length Groove wi th  Specular Sides  and a Diffuse Bottom 

Assumptions 1) Specular Vertical  Walls 
2) Diffuse Horizontal  Base 
3 )  
4) 

5 )  

F i n i t e  Length Grooves with Open Ends 
Azimuth Angle of I r r a d i a t i o n  Perpendicular 
t o  t h e  Walls. 
So la r  I r r a d i a t i o n ,  i .e. ,  p a r a l l e l  r a y s  
incoming from t h e  sun 

Since t h e  su r face  i s  assumed t o  be  i r r a d i a t e d  by p a r a l l e l  r ays  
from t h e  sun, such t h a t  t h e  azimuthal angle with r e s p e c t  t o  t h e  w a l l  
i s  zero, a c e r t a i n  f r a c t i o n  of t h e  incoming energy w i l l  be  absorbed 
by i n t e r r e f l e c t i o n s  between t h e  specular  w a l l s ,  t h e  number of r e f l e c -  
t i o n s  being a func t ion  of t h e  s o l a r  polar  angle  and t h e  he igh t  t o  
width r a t i o  H/W. 

Figure (3 )  t--w-i 
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Due to m u l t i p l e  r e f l e c t i o n s  from t h e  specular  w a l l s ,  t h e  base  i s  
i r r a d i a t e d  i n  two d i s c r e t e  sec t ions .  This  i s  i l l u s t r a t e d  i n  Fig. 3 .  
Since the  t o t a l  energy leaving the  system i s  t h e  q u a n t i t y  requi red  
i n  the ca l cu la t ion ,  t h e  energy leaving  due t o  each of t h e  two d i s c r e t e  
areas, A and A , can be ca l cu la t ed  sepa ra t e ly  and then summed. 

Since t h e  a reas  a r e  geometr ical ly  s imi l a r ,  t h e  i r r a d i a t i o n  of t h e  areas 
can be expressed mathematically.  

0 -xo 0 -Yo 

When placed i n  a s o l a r  environment with s o l a r  po la r  angle  y between 
arc tan  (mW/H) and a r c t a n  (nW/H), where (m,n) = (0,1),(1,2) . . . 
( m , m t l ) ,  . . t h e  i r r a d i a t i o n  of a reas  Ao-x = x D and A = D a r e  
respec t ive ly :  0 0 0 -Yo yo 

2 Ix = S cosy ( pw)m Btu/hr-f t  
0 

2 I = S cosy ( pw)n Btu/hr-f t  
0 

Y 

2 where S = t h e  s o l a r  cons tan t  442 B t u l h r - f t  , 
cosy accounts f o r  t he  reduct ion  i n  p ro jec t ed  a r e a  which r ece ives  t h e  
sun ' s  energy and ( p  ) 
r e f l ec t ions .  

m accounts f o r  t h e  energy absorbed i n  the  success ive  
W 

The r a d i o s i t i e s  of A and A a r e  : 
0 -X 0 0 -Yo 

0 
pb 'x J =  

X 
0 

J = p  I 
yo 

= t he  r e f l e c t a n c e  of t h e  w a l l  m a t e r i a l  

= t he  r e f l e c t a n c e  of t he  base ma te r i a l .  

PW 

pb 

Ef fec t ive  Ref lec tance  

The e f f e c t i v e  r e f l e c t a n c e  of t h e  s p a c e c r a f t  su r f ace  i s  def ined  a s  
the  r a t i o  of t he  energy which f i n a l l y  escapes from t h e  su r face  t o  t h e  
energy which o r i g i n a l l y  s t ruck  the  sur face .  The energy which escapes 
i s  equal t o  t h e  sum of the  r a d i o s i t i e s  of t h e  two sec t ions ,  A 

A 

m a t e h a l .  
images i n  the  v e r t i c a l  wa l l s  of t he  groove. 

and 
0 -xo 

minus the  f r a c t i o n  of t h i s  energy which i s  absorbed by t h e  w a l l  
0 -Y 

This  i s  because the  base does no t  s e e  i t s e l f  o r  any of i t s  
With t h i s  assumption, 
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o r  i n  terms of the  i r r a d i a t i o n  

A X Ix (1 - aw Fx -w) + Ay I (1 - aw Fy -w) 
n n 0 n n n 

Pel% = WDS coscp 

(7) 
= t he  f r a c t i o n  of the  energy leaving A which i s  

inc iden t  upon t h e  walls of t h e  groove inc luding  
energy which has  undergone mul t ip l e  r e f l e c t i o n s  
between t h e  walls. 

X 
where F x -w 

0 0 

W = t h e  d i s t a n c e  between f i n s  
D = t he  length of t he  groove. 

Fig.  4 i l l u s t r a t e s  how t h e  mul t ip l e  r e f l e c t i o n  by t h e  specular  wal l s  
cause t h e  inc iden t  energy on t h e  w a l l s  t o  appear t o  come from an i n f i n i t e  
s e r i e s  of v i r t u a l  images of t h e  base i n  the  wal l s .  

Figure ( 4 )  

i s  then composed of both d i r e c t  r a d i a t i o n  and r e f l e c t e d  x o-w F 

r a d i a t i o n  The amount of r e f l e c t e d  r a d i a t i o n  being dependent no t  only 
upon t h e  geometric conf igura t ion  of t he  groove but  a l s o  upon t h e  r e f l e c -  
t ance  of t h e  specular  wal l s .  

i s  given by t h e  formula: Fx -w 
0 

0 0 0 0 0 

0 0 

\ o  o /  



I 

wherein t h e  ind iv idua l  view f a c t o r s  on t h e  r i g h t  hand s i d e  are 
ca lcu la ted  by means of geometric f l u x  a lgebra  according t o  the  
geometry of Fig.  5 .  

TOTAL OPEN SURFACE A, 

I 
A h a  / 0 I 

Figure (5) 

FI RST VIRTUAL IMAGE 
\OF AXnlN SURFACE 1 .  

For example 
A2wF2w-2 - A2w-x F(2w-x)-2 

- - 
A ‘  

0 -  n 

X 
Fx’ -2 

0 0 

( 9 )  

where 

and 

A2w = 2WD 

A = ( 2 W  - x )D 
2w-x 0 

0 

-‘(.tan - -1 ( - > + N t a n  1 -1 1 
F2w-2 ll L L 

and B = - , see  r e fe rence  [21. The r e s u l t s  of t hese  2w 
D D i n  which L = 

ca lcu la t ions  a r e  shown g raph ica l ly  i n  F igs .  6 and 7. 
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Calcula t ion  of E f f e c t i v e  Emittance Fac tors  

I f  t he  f i n s  a r e  assumed t o  be a t  O O R ,  t he  e f f e c t i v e  emit tance of 
t he  su r face  i s  equal  t o  the  emit tance of t he  base less t h a t  f r a c t i o n  of 
t h e  energy emit ted which i s  absorbed by t h e  wal ls .  
given by t h e  r e f l e c t a n c e  r a t i o  p 

of q =  0 f o r  any given wa l l  r e f l ec t ance .  
fol lowing manipulat ion of Eq. (6). 

This  q u a n t i t y  i s  
evaluated a t  a s o l a r  po la r  angle  e/pb 

This  i s  e a s i l y  seen from t h e  

A t  rp = o , y  = o ,  
0 

WD Jx (1 - cyw Fx -w ) 
0 0 

s(c0sq)  WD and t h e r e f o r e  p = e 

bu t  J = S  
pb X 

0 

and 

By d e f i n i t i o n  the  e f f e c t i v e  emit tance f ac to r  of t h e  s u r f a c e  i s  t h e  
energy leaving  the  su r face  because of t h e  thermal emission of t h e  
su r face  d iv ided  by t h e  black body r ad ia t ion  a t  t he  su r face  temperature. 

where 
4 4 4 

q = eef% oTb = e A oTb - ebAb OT CY F b b  b w X - w  
0 

thus  

9 



EFFECTIVE REFLECTANCE RATIO 
D/H = 5 W/" = I 

00 
SOLAR POLAR ANGLE (8 

F i g u r e  ( 6 )  
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EFFECTIVE REFLECTANCE R A T I O  

0 90 I (  

SOLAR POLAR ANGLE $$ 

Figure  (7) 
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. 
I f  t h e  f i n s  a r e  a t  t he  same temperature as t h e  base then t h e i r  

emission must be taken i n t o  cons idera t ion  also.  

The equat ion f o r  t he  h e a t  l o s t  from t h e  f i n i t e  length  thermostat  
su r f ace  wi th  f i n s  a t  t h e  temperature of t he  base becomes: 

4 
(b-4)T -pb 'el(' - F(b-4)T) ] + e lAba  F 

e = 2 -  ef 

-t elF(b-4)T 

(15) 

where F and F a r e  the  f r a c t i o n s  of energy from 2 d i r e c t l y  i n c i d e n t  

upon 2 or 3 p lus  t h e  energy inc iden t  due t o  mul t ip l e  r e f l e c t i o n s .  The 
o the r  F f a c t o r s  a r e  s i m i l a r l y  defined. 

F22 33' 2b 3b  

l a t i o n s  fo r  e f f e c t i v e  r e f l ec t ance .  

22 23 

This  r e s u l t s  i n  F23 = F32, 
= F and F = F by symmetry. 

Some of t he  conf igura t ion  f a c t o r s  a r e  known from t h e  previous ca lcu-  

- 
F(  b-4)T - - 2aF(b-2)T (17) 

%F (b  -2) T = A2F (2-b)T 

i s  known from Eq. (8) i n  which x = W a t  cp = 0. By 
(b-2) T 0 

where F 

r e c i p r o c i t y  
(18) 

F 
(b-2)T 

- Ab - -  
(2-b)T A2 F 

i s  a l i t t l e  harder  t o  c a l c u l a t e .  It involves  
The procedure 

(2-4p The view f a c t o r  F 

the  ca l cu la t ion  of a view a c t o r  between specular  sur faces .  
i s  as follows: 

12 



From the  geometry of Fig.  8, 

l = F  (2-4)T + '(2-3)T -k F(2-2)T + F(2-b)T 

I 

2 3 T is the i s  known from t h e  previous ca l cu la t ion  and F 
F(2-b)T 

sum of t h e  f i r s t  d i r e c t  view f a c t o r  from 2 t o  3 p lus  t h e  b4 bf the  view 
f a c t o r s  from the  v i r t u a l  images of 2 i n  2 t o  su r face  3, each mul t ip l i ed  

n where n i s  the  number of r e f l e c t i o n s  each v i r t u a l  image must I 

by Pw 
undergo. 

i s  t h e  sum of the  view f a c t o r s  from the  v i r t u a l  images of 
F(2-2)T n 

2 i n  3 t o  su r face  2 mul t ip l i ed  by p . 
W 

2 4 
= F  + + pw F2"" + - - 9 (2-3)T 23 PW F211-3 -3 Then F 

I I 

Figure (8) 

Where t h e  view f a c t o r  between any two p a r a l l e l  opposing images has  
t h e  va lue  

+ r J i 2  tan-' y l+x2) ( l+y2 1 
2 2  

(22) 
l+x +y 

- y t an  -1 k > - x  tan-l(3)p: + 4 s  tan-' 

i n  which 

H 
Wn Wn and Y = - [ 2 ]  x = -  D (23) 

13 



The effective emittance factor as calculated from Eq. (16) is 
shown in Figs.  9 and 10. 

Once the effective reflectance ratio and emittance factor for a 
particular fin configuration is known it is possible to calculate the 
monochromatic reflection characteristics of the surface as a function 
of solar polar angle and also calculate the monochromatic emittance 
factor of the surface. The effective monochromatic reflectance and 
emittance factor curves are different because the surface is irradiated 
specularly while it emits diffusely. 

The equations for the calculation of reflectance and emittance 
factor are from the well known relations 

in which E 
to simulate solar irradiation in Eq. (24) and is Planck's distribution 
function evaluated at 585"R for emittance in Eq. ( 2 5 ) .  

is Planck's distribution function evaluated at 10,460"R bh 

C1 r 5  
J. - - 

-1 
'2/Th 
e 

The integrated reflectance and emittance factors calculated from Eqs. 
(24) and ( 2 5 )  are shown in Fig. 11. 

14 
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Calcu la t ion  of e l r  

Assumptions 1) The f i n s  always remain v e r t i c a l  
2) 

3 )  

The f i n s  are uniformly a t  t h e  base temperature 
whether emi t t i ng  o r  n o t  
The s l i t  between the adjacent  t he rmos ta t i c  s t r i p s  
which form a f i n  i s  black 
The base su r face  emits and r e f l e c t s  energy d i f f u s e l y  
The f i n s  can e m i t  d i f f u s e l y  and r e f l e c t  specu la r ly  

The n e t  h e a t  f l u x  from the  spacecraf t  w i l l  be given by a modified 
form of Eq. (1) which takes  i n t o  considerat ion t h e  change i n  s o l a r  i r r a d i a -  
t i o n  with s o l a r  po la r  angle  and t h e  changes i n  s o l a r  absorptance and su r -  
f a c e  emit tance with temperature and so la r  p o l a r  angle  

One can see i n  Fig.  1 how t h e  incoming energy from t h e  sun can s t r i k e  
t h e  s u r f a c e  and 1) e n t e r  t h e  groove between t h e  f i n s ,  2)  e n t e r  t he  s l i t  
formed by t h e  adjacent  thermostat  e lements ,  o r  3 )  s t r i k e  t h e  top of t h e  
f i n s .  The areas of t h e  f i r s t  two depend upon t h e  temperature of t h e  space- 
c r a f t  s u r f a c e  because of t h e  thermostat ic  a c t i o n  of t h e  f i n s .  

The h o r i z o n t a l  displacement of t h e  top of one the rmos ta t i c  element 
w i l l  be 

where t i s  t h e  thickness  of t h e  thermostat ic  element 
T -T 

H i s  t h e  he igh t  of t h e  f i n  
d t h e  displacement i n  inches. 

i s  t h e  temperature change of t h e  f i n  i n  O R  2 1  

Thus, t h e  s l i t  area i s  d i r e c t l y  proportioned t o  2d. 

The area of t h e  groove i s  equal t o  t h e  t o t a l  area minus t h e  area 
of t h e  s l i t  and f i n  top. The r a t i o  AG/ATOT i s  t h e  f r a c t i o n  of t he  s u r f a c e  
which w i l l  allow t h e  incoming r a d i a t i o n  o s t r i k e  the  wh i t e  base. 

2(113 x 10-7) ( T ~  - T J H ~  

w + 2 t  t ( w  + 2 t )  (29 )  
2 t  - =  - 1 -  AG 

%OT 

where w = d i s t a n c e  between f i n s .  
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The area of t h e  s l i t  A i s  simply the d i s t a n c e  between t h e  
ad j acen t thermos t a t  i c e l  emen?:. 

I 
The area of t h e  top ATOP i s  equal  t o  twice the  thickness  of the 

thermos t a t  i c e 1 emen t . 

ATOP - -  - 2 t  

A~~~ w + 2 t  

Eqs .  (29,30,31) are f r a c t i o n s  of the t o t a l  a r ea  which have t h e  
r a d i a n t  c h a r a c t e r i s t i c s  of t h e  s l i t ,  groove o r  thermostat ic  f i n  top. 
The e f f e c t i v e  emis s iv i ty  of t h e  su r face  w i l l ,  t he re fo re ,  be equal t o  
t h e  sum of t h e  e m i s s i v i t i e s  of t h e  three areas t i m e s  t h e i r  a r ea  
f r a c t i o n s .  

G e AG e + -  e + -  
e A~~~ Top ATOT sL %COT 

ASL %COP e = -  

and s i m i l a r l y  f o r  absorptance. 

In. t h e  c a l c u l a t i o n s  which were made f o r  t h i s  r epor t ,  t h e  following 
assumptions were used i n  t h e  evaluat ion of e and cys. e 

= c y  = .1 independent of temperature 
eTOP TOP 

eSL = QlSL = 1.0, independent of temperature 2) 

4) cyG = 1 - pe((p), independent of temperature. 

The l a s t  t h r e e  assumptions a r e  q u i t e  good when t h e  temperature of 
t h e  s u r f a c e  dev ia t e s  only a few degrees from the  temperature (T  ) a t  
which t h e  f i n s  are  perpendicular t o  the white base surface.  
as t h e  s u r f a c e  t u r n s  away from the sun and g e t s  colder ,  t h e  opening 
over t h e  white  groove becomes smaller  and i t s  emittance and absorptance 
both approach one. A t  t he  same time, t h e  s l i t  i s  opening exposing a 
metall ic su r face  t o  space decreasing i t s  emit tance and abso rp t iv i ty .  

2 However, 
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For t h i s  reason, Eqs. (32) and (33) are only good up t o  a s o l a r  
polar  angle  of about 80". 
shown i n  Figs .  12,13J14J and 15. 

e '  as ca l cu la t ed  from Eq.(27) i s  r 

Experimental Phase of P r o j e c t  

The experimental phase of t h i s  p r o j e c t  c o n s i s t s  of t h e  t e s t i n g  
of a f u l l  s c a l e  model of t h e  thermostat ic  spacec ra f t  i n  a space 
simulator su r face  and t h e  measurement of t he  r e f l e c t a n c e  p r o p e r t i e s  
of both the  f i n  material and base material. 

Description of Model 

The model c o n s i s t s  of a 12" x 12" x 1/8"aluminum p l a t e  on which 
5 rows of 2" long f i n s  are mounted so  t h a t  they are perpendicular  t o  
t h e  surface and s tand 2" apar t .  
with Cat-a-lac white epoxy pa in t .  (See Fig.  16). 

The aluminum base m a t e r i a l  i s  painted 

Di rec t ly  behind t h e  sample su r face  i s  a h e a t e r  which i s  used t o  
maintain a spec i f i ed  hea t  f l u x  through t h e  surface.  
and heater  combination are i n s u l a t e d  on t h e  s i d e s  and rear such t h a t  
t h e  heat  t r a n s f e r r e d  i s  assumed t o  t r a v e l  only through t h e  sample  surface.  
Provisions are made t o  measure su r face  and hea te r  temperatures w i t h  i r o n  
constantan thermocouples and t h e  h e a t e r  power d i s s i p a t i o n  with a wattmeter. 
The sample w i l l  be placed i n  a s o l a r  simulator and t h e  temperature of t h e  
surface measured as a func t ion  of s o l a r  po la r  angle  and h e a t  f l ux .  

The sample su r face  

TEST SURFACE WITH FINS # / 



I I n t e g r a t i n g  Sphere Reflectometer 

I n  order  t o  determine t h e  monochromatic r e f l e c t a n c e  c h a r a c t e r i s t i c s  
of t h e  the rmos ta t i c  f i n  m a t e r i a l  and the  base coat ing an i n t e g r a t i n g  
sphere r e f l ec tomete r  was constructed,  Fig.  17. The i n t e g r a t i n g  sphere 
i s  based on t h e  p r i n c i p l e  t h a t  t he  view f a c t o r  from any po in t  on t h e  
white, d i f f u s e  w a l l  of t h e  sphere (a )  t o  the d e t e c t o r  (b) i s  t h e  same 
as from any o t h e r  p o i n t  t o  t h e  de t ec to r .  Thus, a de t ec to r  placed i n  
a p o s i t i o n  underneath t h e  s a m p l e  (c) "sees" and r e g i s t e r s  i n  p ropor t ion  
t o  t h e  amount of energy r e f l e c t e d  from the sample  onto the  sphere w a l l .  
When t h e  sample i s  removed from t h e  pa th  of t h e  incoming beam, then t h e  
w a l l  i s  i l luminated d i r e c t l y  (d)  and t h e  de t ec to r  r e g i s t e r s  i n  proport ion 
t o  t h e  amount of energy which was inc iden t  upon t h e  sample.  The r e f l e c t a n c e  
i s  then t h e  r a t i o  of t h e  two d e t e c t o r  outputs.  
va lues  c o r r e c t  t o  1 $. 
many uses  of t h e  i n t e g r a t i n g  sphere i s  given i n  Ref. [3] .  
made on t h e  f i n  material are shown i n  Fig. 18. 

The sphere should y i e l d  

Measurements 
A complete e r r o r  ana lys i s  and d e s c r i p t i o n  of t h e  

Figure (17) 
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RESULTS 

From t h e  information contained i n  Figs .  12-15 t h e  spacec ra f t  
equi l ibr ium temperatures were ca l cu la t ed  which would y i e l d  a n e t  hea t  
l o s s  of 37.5 Btu/Hr-Ft2 of spacec ra f t  surface.  
obtained f o r  both h o t  (emi t t ing)  and co ld  (nonemi t t ing) f ins  are shown 
i n  Figs.  20 and 21. The dashed l i n e  i n  these  f i g u r e s  r ep resen t s  an 
approximation t o  t h e  c o r r e c t  equi l ibr ium temperatures which w i l l  be 
obtained when the  walls have deviated from t h e i r  v e r t i c a l  p o s i t i o n  so  
t h a t  t h e  emit tance of t he  s l i t  i s  low and t h e  emit tance of t he  groove 
i s  higher than was ca l cu la t ed  by Eq. (16). It i s  a l s o  apparent t h a t  
there  was l i t t l e  d i f f e rence  i n  t h e  equi l ibr ium temperatures obtained 
with e i t h e r  ho t  o r  co ld  f i n  and D/H r a t i o s  of 5 or  25.  
t h a t  conduction e f f e c t s  and end lo s ses  can be ignored f o r  evaporated 
aluminum f i n s  and D/H r a t i o s  g r e a t e r  than 5 .  

The su r face  temperatures 

This  i n d i c a t e s  

CONCLUSIONS AND RECOMMENDATIONS 

The ana lys i s  shows t h a t  s h o r t  f i n s  s t i l l  provide adequate con t ro l  
of spacecraf t  su r f ace  temperature. 
procedure be devised which would y i e l d  H/W r a t i o s ,  f i n  reac t iveness ,  
f i n  height,  and su r face  coa t ings  based on mission program, hea t  d i s s i -  
pat ion requirements and temperature excursion l i m i t s .  

It i s  recommended t h a t  a design 
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